Abstract
Introduction
Polybenzothiadiazole is one of the most studied conductive polymers as a low-bandgap polymer for applications such as photo voltaic cells, transistors [1] - [20] . An article of chiral-electroactive low bandgap polymer composite was accepted into Journal of Materials Science and Chemical Engineering [21] . In this research, hydroxypropyl cellulose (HPC, cellulose derivatives) in organic solvent is employed as an electrolyte solution for electrochemical polymeriza-tion. HPC is dissolved in both water and organic solvents [22] - [26] . In this study, N,N-dimethylformamide (DMF) is selected as a solvent for dissolving HPC. HPC in DMF liquid crystal solution allows polymerization of organic monomers with hydrophobicity.
Electrochemical synthesis of poly (3,4- (TCI, Japan). N,N-Dimethylformamide was used without purification (Nacalai Tesque, Japan). 3,4-Ethylenedioxythiophene was purchased from TCI. Hexadecyltrimethylammonium chloride was purchased from TCI.
Synthesis

Electrochemical polymerization of monomer [thiophene]-[Btdaz]-[thiophene]
(T-Btdaz-T) was carried out in hydroxypropyl cellulose (HPC), Figure 1 . Constituents of electrolyte solution are summarized in Table 1 . First, monomer and tetrabutylammonium perchlorate (TBAP) (supporting salt) were added to DMF. 
Measurements
Polarizing optical microscopy measurements were carried out by using an ECLIPX LV 100 high-resolution polarizing microscope (Nikon). Fourier Transform Infrared absorption spectroscopy measurements were carried out with a FT-IR 4600 (Jasco) by using the KBr method. UV-vis absorption spectroscopy measurements were carried out by using a V-630 (Jasco). Cyclic voltammetry were carried out with a μAUTOLAB TYPE III (ECO Chemie). Electrolyte solution contained 0.1 M tetrabutylammonium perchlorate in acetonitrile. Circular dichroism spectroscopy measurements were carried out with a J-720 (Jasco).
Results and Discussion
Polarizing Optical Microscopy
Optical texture of the polymer prepared in HPC liquid crystal was observed by polarizing optical microscopy (POM), 
Fourier Transform Infrared Absorption
UV-vis Absorption
In situ UV-vis absorption measurements were performed during cyclic voltammetry. The UV-vis absorption spectra of P(T-Btdaz-T)/HPC composite at various applied potential are shown in 
Cyclic Voltammetry
Cyclic voltammetry (CV) analysis of P(T-Btdaz-T)/HPC composite was performed at various scan rates. The CV of the polymer is shown in Figure 9 . The CV measurements of PEDOT prepared in HPC liquid crystal were also carried out at scan rates of 100, 200 and 500 mV/s, Figure 10 . The polymer film shows repeatable redox behavior with application potential from −0.9 to 0.9 V.
P(T-Btdaz
Circular Dichroism
Circular dichroism (CD) optical absorption spectroscopy measurements was carried out for the as prepared polymer film and reduces P(T-Btdaz-T)/HPC composite film. The CD spectra are shown in Figure 11 . Reduced sample was prepared by exposing hydrazine vapor for 30 min.
Polaron band decreases at <700 nm region in reduction. On the other hands, CD absorption of π-π* transition of the main chain increases. This result de- monstrates that optically activity of the composite can be tuned through redox process.
Conclusions
We achieved preparation of P(T-Btdaz-T)/HPC composite film by electrochemical polymerization in HPC liquid crystal. The POM observation of P(T-Btdaz-T)/HPC composite reveals that the film showed fingerprint texture.
The FT-IR result indicated that the polymer film is composite of P(T-Btdaz-T)/ HPC. The CV measurements show that this polymer has the repeatable redox character. The polymer has optical activity derived from helical aggregation through transcription of chirality from the HPC liquid crystal matrix.
Electrochemical polymerization of EDOT in columnar liquid crystal is successfully carried out. The POM observation for the columnar shaped PEDOT confirms occurrence of transcription of columnar structure to the polymer during the electrochemical polymerization process.
